Petrie JC: Measurement of blood pressure in children. Br Med J [Clin Res] 1989;299:497-498 KEY WORDS * hypertension * pediatric adolescent blood pressure
Blood Pressure Level, Trend, and Variabilit in Dunedin Children An in New Zealand, resting blood pressures were recorded biennially five times from age 7 to 15 years. Using previously described methods, we examined the level, trend, and variability of blood pressures in those children with at least three readings. The level, trend, and variability of height, weight, and body mass index were compared among six separate groups of children. Two groups were categorized on the basis of high systolic pressure levels, one with low variability and the other with high variability, which was thought to resemble adult labile hypertension. Two additional groups were categorized on the basis of increasing and decreasing blood pressure trends; the fifth group had consistently low blood pressures, and the sixth group consisted of the remaining children. There were significant differences among the groups for the level of all the physical measurements and for the trend of body mass index. No significant differences were found among the groups for gender or socioeconomic status. A parental history of high blood pressure, stroke, or heart attack was significantly more common in the first two groups. (Circulation 1990 ;82:1675-1680) P erfect tracking implies that the level of blood pressure at one point in time will accurately predict a subsequent level. To some extent, children maintain their blood pressure rank. However, we do not know how long children in the highest rank remain there or whether such children will develop essential hypertension with the implied cardiovascular risks in adulthood.
We previously reported the stability of blood pressure rank in a birth cohort of New Zealand children from age 7 to 15 years.' Correlations between pairs of readings were similar to those from other countries. [2] [3] [4] [5] [6] [7] [8] Children with blood pressures in the 80th percentile and less at age 7 were very likely to maintain their low rank throughout the four biennial follow-up examinations.
The second Task Force on Blood Pressure Control in Children9 classified hypertension in children as average systolic or diastolic blood pressures at or above the age-and gender-specific 95th percentile on at least three occasions. In our study,' of the children who had initial systolic pressures in the highest five percentiles, only 28% maintained this rank in two later readings, and none did so in all five readings. Furthermore, although a little over half of those who had initial systolic pressures in the highest quintile maintained their rank in two subsequent readings, only 9% did so in all five readings.
Lauer et al'0 presented blood pressure tracking data in another way. The Muscatine study involved three to six observations of school-aged children in Muscatine, Iowa, in alternate years. As well See p 1863 as recording the level (average percentile rank) of children's blood pressures and other physical measurements, they calculated trend (change in percentile rank over time) and variability (the variation from the trend line of the different measurements, that is, a measure of closeness of fit). They identified groups of children who appeared to be tracking toward future hypertension in different ways and described the relations between change in blood pressure and change in other physical measurements. We use this approach to present data from children enrolled in the Dunedin Multidisciplinary Health and Development Study.
Methods
Dunedin is a university and rural service city with a population of 90,000 in southern New Zealand. The sample was a cohort of children who had been enrolled in the Dunedin Multidisciplinary Health and Development Study, a longitudinal investigation of the health and development of children born between April 1, 1972, and March 31, 1973, at Dunedin's only obstetric unit, Queen Mary Hospital. In order for the children to be included in the study cohort, their mothers had to be residents of the Dunedin area at the time of birth. Consent was given for 1,037 of 1,139 children at age 3 years to participate in the study, and they have been examined at 2-year intervals. Since then, some attrition has occurred, but 954 children were examined at age 7, 955 at age 9, 925 at age 11, 850 at age 13, and 976 at age 15 years. The sample was slightly socioeconomically advantaged compared with the New Zealand population and was under-representative of Maori and other Polynesian children (4% were not Caucasian). Details of sample selection, attrition, and changes in characteristics of the sample with time are described by Silva.1" After age 3 years, not all of the children were assessed in Dunedin; some had less-complete evaluations in other parts of New Zealand and abroad. Blood pressure data were available for a subset: 872 children at age 7, 811 at age 9, 780 at age 11, 727 at age 13, and 844 at age 15 years (overall, 820 children had three systolic and diastolic readings, 738 children had four, and 615 children had all five). This subset is representative of the whole group in terms of body mass indexes. Blood pressure was measured by different recorders at each age, from the right arm with a cuff of appropriate size while the child was supine and in a quiet room. A London School of Hygiene blind mercury sphygmomanometer was used throughout. Systolic pressure was taken as the first Korotkoff sound (K1), and diastolic as the fourth (K4). Pressures were recorded to the nearest 2 mm Hg. Three readings were taken at 5-minute intervals at ages 7, 9, 11, and 13 years and one reading at 15 years. The arm was raised, and the cuff was completely deflated between readings. Standing height was measured to the nearest millimeter. Weight was measured to the nearest 100 g. The methods and equipment are described elsewhere. 12 The average systolic and diastolic pressures were used in calculations, and data were analyzed with the methods described by Lauer et al. 10 All the measurements were transformed into ageand gender-specific percentiles to make the results comparable with those from other investigations. For each subject, the average of the percentile ranks was calculated for systolic and diastolic blood pressures as well as for height, weight, and body mass index. The average values are described as levels, and the units are percentiles. A line describing the change in percentile rank over time was also calculated for each subject with the method of least squares. The slope of this line is the trend, and its units are percentiles per year. The square root of the residual variance for these regression lines gives a measure of closeness of fit or variability, and its units are percentiles. These measures of level, trend, and variability were used to describe each subject's change in blood pressure over time and to identify groups of children with similar patterns of tracking.
In the second part of the analysis, six groups of children were given special attention. Group 1A children had consistently high blood pressure over time (level in highest quintile, trend in the flat third quintile, and variability in the two lowest quintiles). Group 1B children had labile high blood pressure (level in the highest quintile and variability in the highest two quintiles). Group 2 had increasingly high blood pressure over time (level in highest two quintiles, trend in highest quintile, and variability in lowest two quintiles). Group 3 had decreasing low blood pressure over time (level in the lowest two quintiles, trend in the lowest quintile, and variability in the lowest two quintiles). Group 4 had consistently low blood pressure over time (level in the lowest quintile, trend in the middle quintile, and variability in the lowest two quintiles). The remainder of the sample formed the other group.
Analysis of variance was used to compare the means among the quintiles and the six groups for weight, height, and body mass index. If the analysis of variance was significant, post hoc tests were used to compare the means. For the quintile groups, Tukey's post hoc procedure was used to describe subsets of the groups whose means were relatively similar in that they did not differ by more than a significant range specified by the test. Scheffe's procedure was used for post hoc comparisons among the six groups after examining the means. In these analyses, a p value less than 0.05 was considered significant.
Product moment correlations and selected semipartial correlations were computed between the blood pressure and the height and weight measurements. In this case, a p value less than 0.001 was considered significant.
Differences among the groups were also examined for gender; single parenthood; socioeconomic status (measured on a six-point scale designed for use in New Zealand13 but modified for this analysis by dividing into the upper three and the lower three points); history of high blood pressure, stroke, or heart attack in either parent (providing that parent was less than 60 years of age); and history of high blood pressure in a parent, grandparent, aunt, or uncle. Results For the systolic blood pressure measurements, the descriptive statistics of level, trend, and variability were divided into quintile groups; the means and ranges for these groups are presented in Table 1 .
The means for diastolic blood pressure, height, weight, and body mass index were also examined in terms of the quintile groups in Table 2 . Systolic blood pressure level was related to diastolic level and to physical measurement levels. Table 2 tabulates these by quintile of systolic level, and the differences among the means are significant for all the measures. The means that are significantly different from each other by post hoc criteria are also shown.
There were significant differences in trend for measures among the five groups defined in terms of trend in systolic blood pressure (an upward trend is indicated by the highest two quintiles, a flat trend by the third quintile, and a downward trend by the lowest two quintiles). The means are reported in Table 3 , which also shows the means that differ, using Tukey's post hoc procedure. The groups defined in terms of variability of systolic blood pressure were not significantly different for either diastolic blood pressure or height, weight, or body mass index (Table 4 ).
Correlation coefficients between the blood pressure means and body mass indexes are shown in Table 5 . Here, the relations demonstrated in the analysis of variance are shown again, the strongest correlations being between systolic level and weight level and between systolic trend and weight trend. Also shown are the semipartial correlations between some of the measurements. The square of these correlations gives an indication of unique effect, in terms of variance of, for instance, the relation between weight and systolic blood pressure in terms of level after adjusting for height. It is clear that both systolic and diastolic blood pressures are most strongly associated with weight. The semipartial correlations between the blood pressure and height were not significant after adjusting for weight. The association between systolic blood pressure trend and weight trend was also significant after adjusting for height.
We also examined level, trend, and variability for height, weight, and body mass index in terms of the six groups described earlier. The means are reported in Table 6 . There were significant differences among the groups for all the level measurements of height, weight, and body mass index and for the trend measurement of body mass index. Inspection of the data suggested that there were five post hoc comparisons of interest. The first compared the groups of children with consistently high, labile high, and increasing high blood pressure, of which there were no differences among these groups for these four measurements. The second compared groups with consistently low blood pressure and decreasing low blood pressure of which, again, there were no differences for any of the four measurements. The third and fourth sets of comparisons revealed significant differences for the level measurements between the three groups with high and the two groups with low blood pressure and between the three groups with high blood pressure and the remainder of the sample. The trend measurement for body mass index was significantly different in the high blood pressure groups compared with the remainder of the sample. The last set of comparisons focused on the two low blood pressure groups and the rest of the sample; for this, there were significant differences for the level measurements of weight and body mass index. Table 7 shows the results of the analysis for gender; socioeconomic status; single parenthood; and family history of high blood pressure, stroke, or heart attack for the six groups. There were no significant differences between groups for gender or socioeconomic status. A surprising finding was that the children of single mothers were over-represented in the labile high and increasing high blood pressure groups, though not in the consistently high group. A parental history of high blood pressure, stroke, or heart attack was significantly more common for the children with labile high or consistently high blood pressure, but this relation was not significant for second-degree relatives.
Discussion
The main hypothesis in most studies of blood pressure in children is that a "prehypertensive state" may be recognized. Good correlations between age and physical measurements have been found in many studies, and tracking data, including those from Dunedin, have shown that children with high blood n=820 children. BP, blood pressure. *Semipartial correlations, rs2 represents the unique contribution of height or weight to the variance of systolic or diastolic blood pressure. Correlations greater than 0.12 are significant (p<0.001). pressure tend to maintain their rank, though in our study few did so over an 8-year period. The importance of the Muscatine study is that it analyzed change over time, in effect a longitudinal, rather than a cross-sectional, examination of blood pressure and a longitudinal comparison of blood pressure with other measurements.
Our blood pressure figures were similar in magnitude to those reported in the Muscatine study for level, though they appear somewhat lower for trend and variability. This may be because the children in our study were from a single birth cohort whose first blood pressure was taken at age 7 rather than age 5 years, and they were examined within a month of their birthdays.
The Muscatine study also showed that children whose blood pressure remained high over time tended to be taller and heavier than their peers; the contribution of weight was far greater than that of height. Our results confirm those of many other investigators, that is, that heavier children have higher blood pressures than do lighter children of the same age. Furthermore, children whose growth (in terms of the trend measurement of weight) was most rapid had the most rapidly rising blood pressure.
Again, we confirmed that children with a firstdegree relative with hypertension were overrepresented in the high blood pressure groups. Our finding that socioeconomic status was unrelated to systolic blood pressure in children is consistent with that of other investigators. 14, 15 Gender differences in blood pressure among the six groups were not found in these 7-15-year-old children. This is consistent with previous observations; differences do not become significant until late adolescence (over 15 years of age, when the blood pressure of girls begins to level and that of boys continues to rise).9
These analyses reveal important patterns, but go far from the original measurements. Although North American clinicians appear to have accepted the views of the Task Force that all children should be regularly screened for high blood pressure, there is yet no international consensus. We agree with de Swiet et a116 and are not persuaded that there is practical clinical importance in regular screening in all children, but we do recognize some clearer directions for research. The groups of children with consistently high quintiles of level, those with high quintiles of trend and low quintiles of variability, and those with high quintiles of level and high quintiles of variability should be observed over more time in research settings. We need to know whether they consistently remain in, or move into, the highest quintile group and especially whether the members of any of these groups move consistently into the highest five percentiles of blood pressure level, which is defined as "hypertensive" by the Task Force.
In about 20 years, when a proportion of these children will have developed adult hypertension, we should be able to look back and discern the early predictors. Parental history of high blood pressure, stroke, or heart attack before 60 years of age may prove to be a predictor.
